Sindbis virus is a positive single stranded RNA virus of the Togaviridae family. Wild type and a neurovirulent strain, NSV, have provided a valuable model system for studying alphavirus induced encephalomyelitis in mice. [1] [2] [3] In recent years, there has been a growing interest in search for antiviral substances with high efficacy, low toxicity and minor side effects, one approach is the search for viral inhibitors of plant origin. Flavanones, also called citrus flavonoids, possess many biological activities, 4) previous studies have shown its antiviral activity, hesperetin was found to inhibit the replication of herpes simplex virus type 1, poliovirus type 1, parainfluenza virus type 3 and influenza. 5, 6) Hesperidin and Naringin had inhibitory activity on rotavirus infection.
Chemicals
The four flavanones studied were hesperidin, naringin and its aglycones hesperetin and naringenin, purchased from Sigma Chemical, St. Louis, Mo, U.S.A. A stock solution of each compound was prepared by dissolved in dimethyl sulfoxide (DMSO) and stored at Ϫ20°C.
Cells and Virus BHK-21 clone 15 cells were kindly provided by Dr. Guadalupe Guzmán (Virology Department of the Pedro Kourí Institute, Havana, Cuba). The neurovirulent strain (NSV) of Sindbis virus was donated by Dr. Dianne Griffin (Medical School, John Hopkins University, Baltimore, U.S.A.). BHK-21 cells were grown in Eagle's minimal essential medium (MEM) supplemented with 5% inactivated fetal bovine serum (FBS), 2 mM glutamine and 50 mg/ml gentamicine (growth medium). The cells were maintained in a humidified atmosphere containing 5% CO 2 at 37°C. Virus stock NSV was grown in BHK-21 cells with maintenance medium (MEM, 1% FBS, 2 mM glutamine and 50 mg/ml gentamicine) for 24 h. Viral titer was obtained by plaque assay. 8) Cytotoxic Assay The effect of the compounds over cell viability was determined by a modified MTT assay. 9) Briefly, cells were adjusted to 4ϫ10 4 cells/100 ml in growth medium and seeded in a 96-well plate. Cells were stabilized for 24 h and then incubated with twofold serial dilutions of each compound from 25-0.09 mg/ml in maintenance medium. After 24 h 10 ml (10 mg/ml) of MTT were added to each well; it was metabolized for 3 h, and 100 ml of the lysis buffer (20% SDS, 50% N,N-dimethylformamide) was added. Plates were read at 570 nm after 18 h. Antiviral Activity The effect of these compounds over the mammalian cells was assayed in the same conditions as the cytotoxic assay. BHK cells were infected with NSV at a multiplicity of infection (moi) of 0.1 pfu/cell. The infections were carried out in the presence or absence of different concentrations of compound. After 24 h, the viability of the cells was determined by MTT assay as described before. In addition, plaque reduction assay were carried out. 8) Briefly, BHK-21 clone 15 at a final concentration of 2ϫ10 5 cell was seeded in 24-wells plates and stabilized for 24 h. Viral suspension at moi 0.02 and serial dilutions of the compounds were incubated for 1 h at 37°C, then 50 ml of each solution were added to the cells. After the 3 h of infection, cells were overlaid with 3% carboxymethylcellulose; after 24 h cells were fixed and stained with naphthol blue black, and the numbers of plaques were counted. All experiments were performed in triplicate, and each experiment was reproduced a minimum of three times. The antiviral activity of the compounds was determinate by the plaque reduction as follows:
The inhibition data were plotted as dose-effect curves, from which the 50% inhibitory doses (ID 50% ) were obtained. Differences on the inhibitory effect between the compounds assayed were analyzed through the Student's t test. A pϽ0.05 value was defined as statistically significant.
RESULTS AND DISCUSSION
The four flavanones assayed over BHK-21 clone 15 were innocuous at all concentration evaluated. The flavanone glycosides did not inhibit the NSV replication by neither of the two assays employed; However, their agliconas, hesperetin and naringenin could block viral replication; showing an ID 50% of 15.9 and 14.5 mg/ml respectively by MTT assay and ID 50% of 20.5 and 14.9 mg/ml by plaque reduction assay (Table 1) . These flavonones were capable of causing a concentration-dependent decrease in plaque formation. Being, naringenin the most effective, reaching up to 80% of viral replication inhibition at 25 mg/ml; in contrast, hesperetin only inhibited the 50% at the same concentration; this differences was statistically significant (pϽ0.01). (Fig. 1) . The oxigenation on the 3Ј position at the B ring on the hesperetin skeleton, could be responsible for decrease the antiviral activity at this concentration (Fig. 1) . Similar results were obtained using these compounds against Helicobacter pylori.
10) It is important to notice that the presence of the rutinoside moiety, inhibit the antiviral activity in both flavavones used. However previous report showed that this moiety is the active site against Rotavirus infection in vitro. 
